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Gallium arsenide nanowires were synthesized by gallium-assisted molecular beam epitaxy. By 
varying the growth time, nanowires with diameters ranging from 30 to 160 nm were obtained. 
Raman spectra of the nanowires ensembles were measured. The small line width of the optical 
phonon modes agree with an excellent crystalline quality. A surface phonon mode was also revealed, 
as a shoulder at lower frequencies of the longitudinal optical mode. In agreement with the theory, 
the surface mode shifts to lower wave numbers when the diameter of the nanowires is decreased or 
the environment dielectric constant increased. 
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In the past decade the field of semiconducting 
nanowires has developed significantly mostly due to 
the fact that these systems with unique geometry of- 
fer great possibilities for further development of optic 
and electronic devices^'^. Equally important, they of- 
fer numerous possibilities for studying exciting physical 
phenomena arising from carrier confinement and/or the 
large surf ace- to- volume ration^. However, the growth of 
nanowires free of structural defects and contaminants is 
still one of the key issues. 

The vapor-liquid-solid growth method is one of the most 
common technique, in which typically gold is used as a 
catalyst for the nucleation and growth of the nanowires^. 
It is widely known that gold introduces deep level traps 
in the semiconductor band gap that hinder the opto- 
electronic properties of the material^. By avoiding the 
use of gold, the properties of the grown nanowires im- 
prove significantly. Recently, catalyst-free synthesis of 
III-V nanowires has been demonstrated by both MOCVD 
and MBE^'^. From the two techniques, with MBE it is 
possible to obtain materials with an extremely high pu- 
rity and good structural properties. 
Raman spectroscopy as a non destructive characteriza- 
tion tool is extensively applied for characterization of 
low dimensional systems such as nanowires and nanocrys- 
tals, as it provides valuable information on the structural 
properties''^. 

In this letter we present a systematic Raman spec- 
troscopy study of GaAs nanowires grown by MBE with- 
out the use of external catalyst for the growth. Nanowires 
with diameters ranging from 30 nm up to 160 nm were 
grown. The underlaying motivation for investigation of 
nanowires with a broad range of diameters was to corre- 
late the features in the Raman spectrum with the change 
of the surface to volume ratio. 

The nanowires were grown in a GEN II MBE system. 
For the growth we have used (001) GaAs wafers covered 
with a thin layer (approximately 35 nm) of sputtered 
Si02- In order to ensure clean surface, prior to growth 
the Si02 thin films were etched down to 10 nm by a 
diluted buffered HE solution. After the etching the sub- 
strates were blown dry with nitrogen and immediately 



transferred in the MBE system. Prior to growth, the sub- 
strates were heated to a temperature of 650 °C in order 
to desorb any remnant molecules on the surface. Then, 
the temperature was lowered to the growth temperature 
of 630 °C. For the growth we have used As beam equiva- 
lent pressure (BEP) of 2xl0~^ mbar and Ga growth rate 
of 0.25 A/s, which gives respectively longitudinal and ra- 
dial growth rates of 2 A/s and 0.07 A/s^^. The nomi- 
nal thickness of deposited GaAs was varied for different 
samples in order to synthesize nanowires with different 
average diameter. In this way, we have prepared samples 
with diameters ranging from 30 nm up to 160 nm. Each 
sample was characterized with rather narrow diameter 
distribution below 10%. 

Transmission electron microscopy (TEM) analysis on the 
grown wires showed that the wires grow in the (111) B 
growth direction and have a hexagonal cross section with 
side facets belonging to the {110} crystalline family^^. 
AFM measurements on single nanowires have also shown 
that the side facets exhibit very small roughness. 
The Raman measurements were performed at room tem- 
perature by using the 488 nm line from Ar+ laser. A 
microscope objective (50x) focused the laser on the sam- 
ple with a spot of several micrometers in size. The same 
lens collected the scattered light to a triple DILORXY 
spectrometer and was further analyzed with a nitrogen 
cooled Si CCD. The measurements were realized with low 
excitation power (0.5 mW), with the purpose of avoid- 
ing the heating of the sample, which can produce asym- 
metric broadening and down shift of the Raman peaks. 
The sample temperature stayed always below 120 °C, as 
shown by Stokes/ Antistokes ratio measurements. 
The wires were mechanically removed from the GaAs 
substrate and transferred on clean (001) Si pieces by fric- 
tion between the substrates. The transferred wires were 
partially oriented along the sliding direction, as shown in 
the scanning electron micrograph presented in Figure [l] 
a). The inset shows the hexagonal cross section of the 
wires. Since the laser was focused on a spot with di- 
ameter of several microns, we estimate that only several 
nanowires were probed during each measurement. The 
scattering geometry is presented on Figure [l] b) . The 
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wires are probed in back scattering geometry with the 
side facets belonging to the {110} crystalline family. In 
the backscattering geometry from {110} the longitudinal 
optical (LO) phonon is forbidden according to the Raman 
selection rules^^. In principle, only scattering from the 
transverse optical phonon (TO) is allowed. As a conse- 
quence, the scattering from the top and bottom surfaces 
of the wires will contribute only in the TO signal in the 
Raman spectra. On the other hand the scattering due to 
LO phonon is not forbidden from the facets painted in 
blue. The scattering in these facets will contribute to the 
LO signal in the spectra. As a result, the spectra should 
present rather high component of the TO signal and a 
lower LO signal. 
A typical Raman spectra of the nanowires (with aver- 
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FIG. 1: a) SEM picture from GaAs nanowires transferred 
on Si substrate. After the transfer the wires are partially 
oriented. The hexagonal cross section of the nanowires is 
presented in the inset, b) Schematic drawing of the scattering 
geometry of the measurements. 

age diameter of 89 nm) is presented in the upper graph in 
Figure |2j The solid black line is the recorded data while 
the green lines are result from a multiple Lorentzian fit. 
On the spectra from the wires two peaks can be clearly 
observed. The peak positioned at 268.7 cm~^ is due to 
scattering from TO phonon and the peak positioned at 
292.2 cm~^ is due to scattering from LO phonon. The 
TO and the LO peaks are symmetric and have very small 
FWHM (around 4 cm~^). The peak position corresponds 
exactly with the position of the TO and the LO peaks 
measured on bulk (111) GaAs^^ . The measured values 
for the peak positions and FWHM indicate that the syn- 
thesized wires have excellent structural quality and are 
free of defects and stress, which further corroborates the 
advantage of using MBE. 

A third peak positioned at the low frequency side from 
the LO phonon is also clearly observed. A detailed anal- 
ysis of this peak, which will be presented in the following 
allowed us to attribute it to scattering from surface op- 
tical phonon (SO). A simple mathematical expression of 
the surface modes is given in the case of an infinitely long 
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FIG. 2: Raman spectra of GaAs nanowires with average di- 
ameter of 89 nm. The black solid line is the recorded data 
while the green lines are result from multiple Lorentzian fit. 
The bottom spectrum corresponds to the measurement re- 
alized on the same GaAs nanowires after embedding them 
in pmma. The mode attributed to surface phonons presents 
clearly a shift. 
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where 



p={K {hr)I(hr))/{K{hr)I (hr)) 



(1) 
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with I(hr) and K(hr) being the modified Bessel functions, 
h is the propagation constant trough the cylinder, eo 
and e^o are the static and the high frequency dielectric 
constant of the material while is the dielectric 
constant of the surrounding medium. 
The position of the SO depends from the dielectric con- 
stant of the medium that is surrounding the wires as well 
as from the diameter of the wires. In order to confirm 
the nature of the third mode as a surface phonon, we 
have embedded the nanowires with pmma (polymethyl 
methacrylate) , which has a dielectric constant of 2.8. As 
it can be seen in the bottom panel of Figure |2] there is 
indeed a significant shift of 1.25 cm~^ of the SO phonon 
toward lower wave numbers. 

We have measured the Raman spectra of the other 
samples consisting of nanowires with diameters from 30 
to 160 nm. Previous experimental reports on surface 
phonons in III-V nanowires and nanocolumns showed 
a down shift of the position of the SO phonon with 
a decrease in the diameter of the nanowires^^'^^. On 
Figure [s] a) we present representative measurements 
performed on samples with average diameters of 160, 69 
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FIG. 3: a) Raman spectra from GaAs nanowires with average 
diameters from 46 nm (black), 69 nm (red) and 120 nm (blue). 
The green lines are result from multiple Lorentzian fit. The 
position of the SO phonon down shifts with the decrease in the 
diameter, b) Dependence of the position of the SO phonon 
from the diameter of the nanowires. The points represent 
experimental data obtained from several measured samples 
with different average diameter. The line is a guide to the 
eye. 



and 46 nm. 

As shown the figure, the position of the TO and the 
LO phonons is independent on the nanowire diameter. 
However, the SO modes exhibit a down shift when the 
diameter decreases. Additionally, for thick nanowires 
with an average diameter of 160 nm, the SO appears 
only as a small shoulder on the lower frequency side 
of the LO peak. However, for nanowires with smaller 
diameters, meaning a larger surf ace- to- volume ratio, the 
SO becomes more pronounced and down shifts. This 
trend further proves that the peak located between 
the TO and the LO peaks can indeed be attributed to 
scattering from surface phonons. 

In the Raman spectra from the wires with the smallest 
diameter (black curve) another peak appears at around 
258 cm~^ . The appearance of these peak in Raman 
spectra of GaAs has been assigned to the presence 
of As anti site defects^^. However, we believe that 
this peak could also be attributed to the existence of 
twins. Indeed, high densities of twins are observed in 
the nucleation and final stage of growth. As the small 
diameter wires have a length of 500 to 800 nm, the 
twinned region becomes up to 20 % of the wire. More 
detailed investigations on the origin of the peak are 
currently ongoing. 

In order to get a clear overview on|3]b) we have plotted 
the dependence of the position of tne SO phonon from 
the diameter of the nanowires for several measured 
samples with different average diameter. By comparing 
our experimental data points with the theoretical curve 



calculated in ref. 12 according to Equation 1 one can 
see that we observe a bit larger shift in the SO phonon 
position. One possible reason can be the fact that 
our wires have hexagonal cross section. Lately it was 
shwon that the cross sectional shape of the nanowires is 
important when calculating the dispersion curve for the 
SO phonon^^ . Of course this opens a route for making 
theoretical calculation for the SO dispersion curve for 
hexagonal geometry. 

In summary we have presented Raman spectroscopy 
study of GaAs nanowires synthesized in MBE by the 
Ga assisted growth method. We have presented that 
the nanowires exhibit very good structural quality 
shown by the line shape and position of the peaks. 
Furthermore we have demonstrated the existence of a 
surface phonon mode by comparing the spectra of the 
nanowires in environment of air and pmma, which has 
a higher dielectric constant. By investigating spectra 
of nanowires as a function of the average diameters, we 
have found that the position of the SO phonon down 
shifts with the decrease of the diameter. 
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